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ABSTRACT 

An analysis of archival mid-infrared (mid-IR) spectra of Seyfert galaxies from the Spitzer Space Tele- 
scope observations is presented. We characterize the nature of the mid-IR active nuclear continuum by 
subtracting a template starburst spectrum from the Seyfert spectra. The long wavelength part of the 
spectrum contains a strong contribution from the starburst-heated cool dust; this is used to effectively 
separate starburst-dominated Seyferts from those dominated by the active nuclear continuum. Within 
the latter category, the strength of the active nuclear continuum drops rapidly beyond ~ 20 /im. On 
average, type 2 Seyferts have weaker short-wavelength active nuclear continua as compared to type 
1 Seyferts. Type 2 Seyferts can be divided into two types, those with strong poly-cyclic aromatic 
hydrocarbon (PAH) bands and those without. The latter type show polarized broad emission lines 
in their optical spectra. The PAH-dominated type 2 Seyferts and Seyfert 1.8/1. 9s show very similar 
mid-IR spectra. However, after the subtraction of the starburst component, there is a striking sim- 
ilarity in the active nuclear continuum of all Seyfert optical types. PAH-dominated Seyfert 2s and 
Seyfert 1.8/1. 9s tend to show weak active nuclear continua in general. A few type 2 Seyferts with 
weak/absent PAH bands show a bump in the spectrum between 15 and 20 /im. We suggest that this 
bump is the peak of a warm (~200 K) blackbody dust emission, which becomes clearly visible when 
the short-wavelength continuum is weaker. This warm blackbody emission is also observed in other 
Seyfert optical sub-types, suggesting a common origin in these active galactic nuclei. 
Subject headings: galaxies: active, galaxies: Seyfert, infrared: galaxies 



1. INTRODUCTION 

The complete mid-infrared (mid-IR) spectra of Seyfert 
galax ies (a class of active galactic nuclei (AGN0: ISevfertl 
19431) have been a vailable only in recent past (e.g., 
Sturm et al.l 120021: iVerma et all 120051 : iWeedman etatl 
2005; i Deo et al.l 120071 ). Many Spitzer spectra of nearby 
Seyfert galaxies show a strong contribution from star- 
forming features in the form of p oly-cyclic ar o matic 
hydrocarbon (PAH) bands (e.g.. iClavel et all 120001 : 
iBuchanan et al.l 120061 : iTommasin et al.l 12008^ . A num- 
ber of these features, such as the 7.7 /^m and the 17 /jm 
PAH complex, are strongly blended with each other, 
complicating the estimation of the underlying active nu- 
clear continuum. Further, the mid-IR opacity includes 
a strong contribution from the silicate bands at 10 and 
18 (an. Thus, estimating the intrinsic active nuclear con- 
tinua in the mid-IR is a non-trivial task, with the primary 
hurdle being the subtraction of the starburst component. 

Previous studies have hinted that the continuum in 
the 1-8 /im range is non-stellar in origin and is likely a 
result of thermal emission from dust heated close to sub- 
limation temperature by the o ptical/ultra-violet contin- 
uum from the central sour c e (lEdelson fc Malkanl 119861: 
Alonso-Herrero et al.1 [20011 llmanishi fc A lonso-H errerol 
20041: iMushotzkv et al.l 120081 )" In a multi-wavelength 
photometric study of spectral energy distributions 
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(SED) of predominantly r adio-quiet Sloan Digita l Sky 
Survey (SPSS) quas ars, iRichards et"aTl ((2006) and 
IGallagher et al.l 1)20071 ) noted that the 1-8 /zm spectral 
index (a„) is strongly anti-correlated with infrared lu- 
minosity in type 1 quasars. The more luminous quasars 
have flatter 1-8 /im slopes. A linear correlation between 
the optical continuum luminosity and the infrared lumi- 
nosity suggests that the observed bump around ~ 2.2 /im 
in the SED is driven by the dust re-emission. For ex- 
ample, the 2.2 /im bump is clearly visible in the near- 
IR sp ectrum of Mrk 1239 (|Rodriguez-Ardila fc Mazzalavl 
[20061) . 

Due to the presence of strong PAH bands in the 5- 
8 /im range in many Seyfert spectra, direct measurement 
of the active nuclear continuum in this region is only pos- 
sible in sources with very weak or absent PAH features. 
An alternative is to subtract the starburst contribution 
using a template starburst spectrum and then study the 
residual continuum. We take this simple approach in 
this paper. In Section 2, we describe our archival sample 
and the data analysis techniques. We discuss the ob- 
served mid-IR spectra in Section 3. In Section 4, we use 
simple continuum diagnostics that allows us to classify 
Seyfert mid-IR spectra into PAH-dominated and AGN- 
dominated groups and understand continuum properties. 
In Section 5, we discuss the starburst contribution in 
Seyfert spectra and the resulting continuum shapes af- 
ter subtraction of the starburst template spectrum. In 
Section 6, we summarize our results. 

2. SAMPLE SELECTION AND DATA ANALYSIS 

We consider a sample of Seyfert galaxies derived 
from the Spitzer Space Telescope archives. This sam- 
ple is listed in Table [T] with redshifts obtained from the 
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NASA/IPAC Extragalactic Database 4 (NED) along with 
the Spitzer archive numbers (AORKEY). We primarily 
use a rchival InfraRed Spectrograph (IRS; iHouck et al.1 
200 1 ) spectra extracted from programs 3069 (PI: J. Gal- 
limore, mapping mode spe ctra 5 ), 3374 (PI: S. Kr aemer, 
staring mode spectra) and lWeedman et all (120051 : Mrk 
3, low -resolution staring mode spectrum) . iDeo et al.1 
(2007) presented single slit extractions of spectra from 
above mentioned programs for about half of the current 
sample. During the initial work on that paper, CU BISM 
software was not yet available dSmith et al.ll2007al ). In 
this paper, we expand that sample and consider the com- 
plete IRS mapping-mode datasets from program 3069 
along with other archival datasets now available. This 
sample was chosen due to its large size and good sampling 
of different Seyfert optical types. We also test if the use 
of complete mapping-mode spectra leads to changes in 
the short wavelength continuum. After the initial anal- 
ysis, we noted that our sample lacked type 2 Seyferts 
with detected polarized broad emission lines. S o, we 
added 16 Seyfert 2s selected from the compilation of lTranl 
( 2003) for which low resolution IRS spectra are available 
from the archive. These objects come from a number 
of different programs and their AOR numbers are listed 
in Table [TJ Further, we obtained optical Seyfert classi- 
ficatio ns from the compilation of iVeron-Cettv fc Veronl 
(2006, VCV, hereafter) and host galaxy minor-to- major 
axis ratios (b/a) from NED. These are listed in Table [TJ 
This paper contains a sample of 109 Seyfert galaxies with 
low-resolution IRS spectra. 

The mapping-mode observations were reduced as be- 
low. From the low-resolution basic calibrated data 
(BCD) spectral images (for short-low, SL and long-low, 
LL modules), we built three-dimensional spectral cubes 
(two spatial {x,y) and one waveleng th (z) dimension) us - 
ing the CUBISM software package ([Smith et al.ll2007afl . 
We wrote Interactive Data Language (IDL) routines to 
script internal CUBISM routines to automate the reduc- 
tion of spectral cubes. The pixel backtracking facility 
available within CUBISM was used to clean the cubes 
of bad pixels. One-dimensional spectra were extracted 
from these cubes using a common rectangular aperture 
for all four modules. These extraction apertures (see Ta- 
ble [TJ Column 9) were selected to encompass as small a 
region as possible in the LL1 module without introduc- 
ing pixel-aliasing effects in the extracted one-dimensional 
LL1 spectra. We note an increase in the absolute SL 
flux density values as compared to single slit extractions. 
This is expected due to the different pixel scales of the 
SL and LL modules and the larger aperture area as com- 
pared to a single slit. The extracted one-dimensional 
spectra were then imported into the SMART software 
package (Hi gdon et al.|[2004T ) to normalize the separate 
modules. In most cases no multiplicative shifts were 
necessary due to matched aperture extractions. When 
corrections were necessary, the correction factor was al- 
ways less than 10%. The ends of the spectral orders were 
clipped to remove data points affected by the reduced 
spectral response. The spectra were then re-binned to a 
common wavelength grid. 

The staring-mode spectra were extracted as below. We 

4 http:/ /nedwww. ipac.caltech.edu/ 

5 See: http://ssc.spitzer.caltech.edu/documents/SOM/ 



started with BCD products obtained from the Spitzer 
archive. We median-combined multiple data collection 
event (DCE) image files into one image per module, or- 
der and nod-position. We differenced images from op- 
posite orders to remove the sky background and then 
extracted spectra using the tapered-column extraction 
option within SMART. For cases, when differencing op- 
posite orders was not possible, we used opposite nod posi- 
tions. All the image and spectrum extraction operations 
were carried out inside SMART. The extracted spectra 
were cleaned by removing deviant data points and nor- 
malizing the spectra from different modules to form the 
complete mid-IR spectrum. Figure Q] shows the complete 
mid-IR spectra grouped according to their Seyfert types 
from Table [TJ 

We measured the mid-IR continuum at 5.5, 10, 14.7, 20 
and 30 /im, averaging within a window of 1 fim, on the 
rest-frame spectra. These specific spectral regions where 
chosen to minimize the contribution from emission lines 
or PAH bands, thus primarily sampling the mid-IR con- 
tinuum. We also measured the optical depth at 9.7 /zm. 
The silicate strength commonly quoted in Spitzer stud- 
ies is 5g.7 = \n(f\/fc), which translates to — T9.7 in our 
case. We follow the convention that negative optical 
depth implies a silicate emission feature. The peaks of 
these emission features typically occur around 10.5 /zm. 
We present optical depth as measured at 9.7 /jm for such 
sources. The continuum and optical depth measurements 
are given in Table [2 We also measured the equivalent 
widths and fluxes of PAH bands and the narrow emis- 
sion lines. In this paper, we restrict ourselves only to 
continuum and optical depth measurements. 

In all the figures ahead, Seyfert Is (including 1.2s and 
1.5s) are represented by filled circles (types SI, S1.0, 
SI. 2, and SI. 5 from VCV). Seyfert 2s with broad emis- 
sion lines detected in their polarized optical spectra (type 
Slh in V CV; a nd called hidden broad-line region, HBLR, 
in iTranl l2003f ) are represented by filled diamond sym- 
bols. Seyfert 2s with undetected broad emission lines 
in their polarized optic al spectra (type S2 from VCV, 
and called non-HBLR in 'I ran 21)l)3li are represented with 
open squares. Seyfert 1.8/1. 9s are represented with open 
triangles (SI. 8 and SI. 9 from VCV). Galaxies classi- 
fied as LINER (type S3 from VCV) are represented by 
cross symbols. Each figure includes legends describing 
all Seyfert optical sub-types mentioned here. 

3. THE MID-IR SPECTRA 

Complete mid-IR spectra of the sample are presented 
in Figure [TJ The top left panel shows type 1 Seyfert 
spectra. The top right panel shows type 2 Seyferts with 
broad-line region (BLR) detected in p olarized light (e.g., 
lAntonucci fc Miller! Il985l : [Tranj [2003) . The bottom left 
panel shows Seyfert 1.8/1. 9s; these spectra are domi- 
nated by starburst-related PAH emission. These nuclei 
are likely weak emitters with a dominant contr ibution 
from circum- nuclear starbursts (De o et all 120071 ) . The 
bottom right panel shows type 2 Seyferts with dominant 
starburst contribution (strong PAH bands). Clearly the 
mid-IR spectra of Seyfert 1.8/1. 9s are very similar to 
these type 2 Seyferts. Polarized broad emission lines 
have not yet been detected in these PAH-dominated type 
2 Seyferts. This suggests that the starburst contribution 
from the host galaxy dominates over the active nuclear 
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continuum in these sources. One of the goals of this study 
is to understand if these starburst-dominated nuclei have 
similar mid-IR continuum properties as starburst-weak 
type 1 and type 2 nuclei. 

Examination of the spectra in Figure [1] shows that 
on average, the continuum is similar between all four 
classes. PAH-weak type 2 spectra (top right) show 
weaker and steeper short-wavelength continuum than 
PAH-weak type 1 spectra (top left) which are flatter. 
This is a direct evidence that short-wavelength mid-IR 
emission is absorbed to a certain degree in type 2 objects 
by the intervening dust torus. 

Previous research work (e.g.. lEdelson &: M alkan 
19861 [Rodriguez Espinosa et al.lfl996t iKlaas et al. 2001; 
Schweitzer et al. 2006) has suggested that the mid-IR 
SED is likely composed of three thermal components: 
hot (~ 1000 K), warm (~ 200 K) and cold (~ 60 K) dust 
emissions. This is reflected in the IRAS 25 and 60 /im 
photometry with the active nuclear SED being "warm" 
compared to the "cool" starbursts. 

Almost all spectra show a curious emission peak/bump 
between 15 and 20 /im. This emission should not be 
confused with the silicate 18 /im peak (which is always 
much weaker than the 10 /im peak) or the 17 /im PAH 
complex. The feature is broad and the peak wavelength 
varies between 15 and 20 /im. This bump is observed 
most clearly in the top right panel of Figure [I] (Slh 
sources), as the short-wavelength continuum is weak in 
these sources. The presence of this feature in many other 
spectra (some with strong PAH contributions also) sug- 
gests a common origin in most Seyfert sub-types. 

In Figure [H we subtract the spectrum of Mrk 335 (a 
Seyfert 1.2) from the starburst-subtracted spectrum 6 of 
Mrk 766 (a Seyfert 1.5). The Mrk 335 spectrum is a 
power-law-like spectrum with no hint of the 15-20 /im 
bump. The residual Mrk 766 spectrum shows the 15- 
20 /im bump. We compare the residual spectrum to 
the Mrk 3 (type 2, Slh) spectrum. Both spectra are 
almost identical. This suggests that the 15-20 /im bump 
is only visible when the power-law-like hot dust com- 
ponent is being absorbed, as in type 2 sources. Thus, 
it seems that the continuum shape of the mid-IR AGN 
spectrum depends on which of the three hot, warm, and 
cold components is brighter than others. In type 1 spec- 
tra, the hot component dominates; in type 2 spectra, the 
warm component dominates; while starburst-dominated 
objects show an excess of cold dust emission. 

4. THE OBSERVED MID-IR CONTINUUM 

Figure [3] shows a plot of spectral indices for all galaxies 
in the sample. Here, the spectral index 7 is defined as 

a Al _ A2 =log 10 (/A 1 //A 2 )/log 10 (Ai/A 2 ) (1) 

where f\ 1 is the flux density in W cm~ 2 /im -1 and wave- 
lengths are in /im. The dotted lines at a\ (5.5-14.7) = 
—0.5 and 0^(20-30) = —0.5 divide the figure in four 
quadrants. Three important conclusions can be drawn 
from this comparison: (1) most HBLR Seyfert 2s (class 
Slh in Table []} are in the left quadrants; (2) most 

6 See Section 5 ahead for details of the starburst subtraction 
process. 

7 The wavelength index ax and the frequency index a v are re- 
lated by a v = — (ct\ + 2). 



Seyfert Is are in the bottom left quadrant; and (3) 
PAH-dominated Seyferts (some non-HBLR Seyfert 2s 
and Seyfert 1.8/1. 9s) lie mostly in the right quadrants. 
Positive values of 0^(20-30) indicate red and steep long- 
wavelength continua and a stronger contribution from 
cold (T ~ 50-80 K) thermal dust components (see the 
bottom panels of Figure 1). This c old component is 
likely associated with star formation (|Klaas et al.ll200fl 
ISchweitzer et al.ll2006[ ). In the discussions that follow, 
we propose that the mid-IR spectra contain contribu- 
tion from at least three thermal components: (1) a high 
temperature (T ~ 500-1200 K) "hot" component domi- 
nating at shorter wavelengths, (2) a "warm" component 
(T ~ 200 K) dominating at 15-20 /im, and (3) a "cool" 
component (T ~ 50-80 K) associated with star forma- 
tion as mentioned above. 

The arrows in Figure [3] represent how the spectral 
shape changes from one quadrant to another. Posi- 
tive values of a\ (5.5-14.7) suggest a dominance of warm 
(T ~ 200 K) thermal components and relatively steep 
short-wavelength continua in F\. Objects that will fall 
in this quadrant will show enhanced 15-20 /im bump 
in the mid-IR spectra. This emission bump is likely 
due to a warm thermal component peaking at these 
wavelengths. We would like to clarify that this is not 
the 18 /im silicate feature, but rather a thermal modi- 
fied blackbody (dust) emission underneath it, the short- 
wavelength side of which is clearly visible only when the 
short-wavelength continuum is weak. No object with the 
15-20 /im bump as the dominant feature in the mid-IR 
spectrum shows 10 /im in emission; this suggests that the 
short-wavelength continuum due to the hot component 
and any associated silicate emission features is being ab- 
sorbed. 

As the emission of the hot dust component increases, 
the spectra begin to show a power-law-like flattening at 
short wavelengths: a\ (5.5-14.7) becomes more negative 
and the dominance of the warm thermal continuum de- 
creases. This power law is likely the Rayleigh- Jeans tail 
of the hot component with dust close to its sublimation 
temperature. At any point along this type 2 to type 1 se- 
quence, adding a cold dust component to the spectrum 
shifts the spectrum toward positive (steep) a\ (20-30). 
NGC 7469, a Seyfert 1.5 with strong starburst contri- 
bution is identified in Figure [3j Beyond this point in 
the right quadrants, we see that there are no Seyfert Is 
and the region with ax (20-30) > —0.5 is mostly popu- 
lated by Seyfert 1.8/1. 9s and Seyfert 2s with undetected 
polarized broad emission lines. In these galaxies, the 
AGN continuum contribution is weaker than the con- 
tributio n from the circ um-nuclear starburst in the host 
galaxy (|Deo et al.l l2007) . The spectra are primarily dom- 
inated by PAH features and very red long-wavelength 
continua. Mrk 938 and NGC 3079 show very red long- 
wavelength continua in our sample, and both of these 
galaxies are highly inclined to our line of sight (see Ta- 
ble[T]), their continua are dominated by the emission from 
the cold dust. The relatively steep short-wavelength con- 
tinua of these starburst-dominated Seyferts indicate that 
continuum measurements at 5.5 /im include a contribu- 
tion from nearby 6.2 /im PAH complex. 

Figure [5] compares the apparent silicate optical depth 
at 9.7 /im (T9.7) with ax (5.5-14.7). We find a weak cor- 
relation between T9.7 and a\ (5.5-14.7). For T9.7 < 0.4, 
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we find a Spearman rank correlation, p — 0.46 with 
Pntill = 1-85 x 10~ 5 . This suggests that as the incli- 
nation of observer's line of sight changes from pole-on 
for type 1 objects to edge-on for type 2 objects, the in- 
ner hot dust is obscured , in agreement with the unified 
models (|Antonuccil Il993f). This result is in agreement 
with trends noted by lHao et alj (|2007l ) between contin- 
uum colors and silicate strength. 

Measurement of optical depth requires defining a con- 
tinuum which is a subjective process, leading to large 
errors in measured values of optical depths. We generate 
the continuum by fitting a spline curve through certain 
pivot points. As mentioned above, pivots at 5.5, 14.7, 20 
and 30 /im are used. Apart from these pivots, we also 
use additional points around 8 and 12 /im to define the 
blue and red ends of the silicate absorption feature. The 
process is ve r y simi lar to the one presented in Figure 2 of 
iSpoon et al.l (|2007h and should produce identical results 
in most cases. As a test, in Figure [SJ we present a com- 
parison between the 11.3 /im PAH equivalent width and 
the optical depth. The absence of any correlation in the 
figure suggests that we are not biasing our continuum 
placements when strong PAH bands are present in the 
spectra. Thus, our optical depth measurements should 
be fairly accurate in most cases. 

A few objects in Figure 2] do not follow this trend and 
show strong silicate optical depths T9.7 > 0.5. In all such 
objects, the strong silicate absorption is a result of ab- 
sorption due to dust in the host galaxy rather than in 
the immediate vicinity of the central source. This con- 
clusion is supported by objects that show very red long- 
wavelength continua (NGC 3079 and Mrk 938). To in- 
vestigate the dependence of T9.7 on the inclination of the 
host galaxy, we plotted T9.7 against the b/a of the host 
galaxy. This comparison is shown in Figure El which 
indicates that for b/a < 0.5, dust in the host galaxy 
disk can contribute significantly to the observed silicate 
absorption and the long-wavelength continuum. A few 
high-inclination galaxies (e.g., IC4329A) do not show sili- 
cate absorption, but rather silicate emission. We checked 
Hubble Space Telescope images of IC4329A and note that 
the narrow-line region of this object is clearly visible 
in the F533N (narrow-band optical filter around [O III] 
A5007) filter above the inclined host galaxy disk. Our 
line of sight to the central source in IC4329A likely does 
not intersect any dense dust clouds in the host interstel- 
lar medium. An alternative explanation, when our line of 
sight is not close to the polar axis of the ionization bicone 
in an inclined host galaxy disk, could be that clumpy dis- 
tributions can produce weak silicate emission features, 
or very weak absorption by filling in the existing absorp- 
tion. In summary, the host interstellar medium can have 
substantial effect on the mid-IR nuclear continuum and 
a clear indication of this is a very red long-wavelength 
continuum in the mid-IR spectrum of an inclined disk 
galaxy. A comparison of a\ (5.5-14.7) with 79.7 for ob- 
jects with b/a > 0.5 preserves the correlation in Figure[4] 
suggesting that the observed correlation is probing dust 
obscuration closer to the central source than on kilo- 
parsec scales. 

The effects of the host galaxy ISM on AGN mid-IR 
spectra are demonstrated in Figure where we plot 
representative mid-IR spectra around the silicate optical 
depth (T9.7) versus «a(5.5-14.7 /im) plot from Figured 



On the left-hand side, as the a\ (5.5-14.7) increases from 
—2.0 to 1.0, the short wavelength continuum is gradually 
suppressed, and we progress from strong type 1 source 
(bottom left) dominating the short- wavelength mid-IR to 
strong type 2 source (top left) peaking between 15 and 
20 /im. The left-hand side panels show the true behavior 
of mid-IR active nuclear continua without contribution 
from external host galaxy features. As the apparent op- 
tical depth increases above 0.5, the spectra show stronger 
contribution from dust in the host galaxy, and enhanced 
PAH features (top right and bottom right in Figured]). 
NGC 1194 (left, middle box in FigureEJ) lacks these star- 
burst features, but shows one of the strongest silicate ab- 
sorption features at both 10 and 18 /im. Figures [6] and [7] 
validate the observation that many Seyfert galaxies with 
highly inclined h ost galaxy disks are classified as ty pe 2 
or type 1.8/1.9s (|Keellll980l : iMaiolino & Riekd[l995h . 

These results imply that to study effects of dust in the 
torus, we need to look at sources with —0.3 < T9.7 < 
0.3 and a A (20-30) < -0.5. A key property that dis- 
tinguishes active nuclear continua is the similarity of 
a a (20-30) for both type 1 and type 2 Seyferts (see Fig- 
ure!]}, and the fact that the 20-30 /im continua are bluer 
than the star formation dominated very red continua. 
For type 1.5 and type 2 Seyferts (Slh), the dominant 
15-20 /im feature suggests that the dust structures re- 
sponsible for these features are warm (T ~ 200 K), and 
the spectral index in the 20-30 /im is decided by the 
slope of the Rayleigh-Jean's tail of this warm compo- 
nent. As can be seen from the top left panels in Figure [7J 
the short-wavelength continua are significantly weaker in 
type 2 sources as compared to type 1 sources (bottom 
left). In the 20-30 /im region of the spectrum, the diffcr- 
en ces are smaller in agreem ent with previous observation 
bv lBuchanan et all (|2006h . 

4.1. Non-HBLR Seyferts and Starburst Contributions 

Based on the spectro-polarimetry surve y of the CfA 
and t he 12 /im sample of Seyfert galaxies, iTranl ( 2001, 
2003) suggested that there are two different populations 
of Seyfert galaxies: (1) type 2 Seyferts that host a HBLR 
(Slh in Table [I]), and hence are intrinsically identical 
to a type 1 Seyfert; and (2) type 2 Seyferts that show 
no signatures of the BLR in spectro-polarimetry (non- 
HBLR) and have optical narrow- line ratios weaker than 
the HBLRs on the BPT dia gram (jVeilleux k. Osterbrockl 
Il987t iBaldwin et al.l Il98ll ). Hence, they are closer to 
the sequence of star-forming galaxies on the BPT dia- 
gram. The term "non-HBLR" does not imply a lack 
of the BLR, but that it is not detected in the observa- 
tions that lead to their classification as S2. For example, 
Mrk 573 was originally classified as a non-HBLR . It has 
been shown to contain a HBLR by Nagao et al. (2004) 
wi th higher signal-to-no ise o bservations . Furt her work 
bv lLumsden et all (|2004fl and lHaas et alj (|2007ft suggests 
that non-HBLR objects are weak AGN with a dominant 
host galaxy component. Their mid-IR spectra should 
then be dominated by star-forming features within the 
host galaxies, which is what we find here. 

Five out of the 16 HBLR Seyferts that we added to 
our original sample show the enhanced emission bump 
around 15-20 /im and the rest show power-law like mid- 
IR continua similar to most Seyfert Is. One out of 16 
shows strong PAH bands, and all of them have mod- 
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erately strong 10 /im silicate absorption features. Thus, 
our comparison here provides qualitative agreement with 
the picture of non-HBLRs as weak AGN with a strong 
starburst component. Since we have complete mid-IR 
spectra, we can quantify starburst and AGN contribu- 
tions over the whole IRS spectral range. 

5. STARBURST CONTRIBUTION IN SEYFERT GALAXIES 

Many studies have explored the question of sep- 
arating starburst contribution from AGN contri- 
bution using different diagnostics. IGenzel et al.l 
(1998) compared the strength of 7.7 /xm PAH to 
[O IV] 25.89 /im/[Ne II] 12.81 /im emission line ratio, to 
study the AGN con tribution in ultra-lum inous infrared 
galaxies (ULIRGs). lLaurent et al.l (|2000f ) used spectral 
templates of Hll regions, photo-dissociatio n regions and 
AGN to construct diagnostic diagrams. ISturm et al.l 
( 2002) sugge sted use of emission lin es and continuum 
diagnostics. IMelendez et al.l (|2008bl ) used estimate of 
[Ne II] from pure AGN sources to constrain AGN 
and starburst fracti on in a sample of Seyfert galaxies. 
INardini et al.l (|2008D used templates for starburst and 
AGN components in the 5-8 /im region to estimate rel- 
ative strengths in ULIRGs. 

In iDeo et ahl (|2007[ ). we noted that the equivalent 
width of 6.2 /im PAH increases as a\ (20-30 /im) be- 
came more positive, which suggested that this relation 
was driven by the starburst content of the active galaxy. 
In Figure^ we nn d that most Seyfert 1.8/1.9 and Seyfert 
2 galaxies dominated by PAH emission have positive 
q;a(20-30 /jm). To measure the contribution of starburst 
features to individual galaxies on this dia gram, we use 
the ay erage starburst galaxy spectrum from lBrandl et ahl 
(2006). We assume that the PAH inter-band ratios in 
this average spectrum are representative of typical PAH 
inter-band ratios in starburst galaxies. We are aware 
that PAH inter-band ratios can be differe nt within dif- 
ferent star- forming templa te spectra (e.g., iPeeters et al.l 
I2004t iSmith et alTl2007bO . and depend particularly on 
the strength of the starburst ionization field. Further, 
St urm et all (|2006D also show that PAH ratios can be 
different in LINER spectra. We find similar variations 
in our Seyfert spectra also. We note that the strength of 
the 6.2, 7.7, and the 8.6 /im PAH complexes vary much 
more than others. As a first-order comparison, assuming 
a fixed PAH template is acceptable. We also assume that 
the contribution of cool dust to the long-wavelength con- 
tinuum in this average spectrum is typical of star-forming 
galaxies. This simple subtraction of a scaled starburst 
template assumes that any obscuration in the object is 
entirely due to the torus and not due to the surround- 
ing starburst. We normalize the template starburst spec- 
trum, so that the peak flux density of the 6.22 PAH band 
is unity. Then, we scale and subtract this template by 
trial and error from the Seyfert spectra. We require that 
the 17 /im PAH complex and the 11.3 /im PAH bands 
be cleanly subtracted. Figure [8] shows examples of such 
subtractions. 

Out of 107 sources for which we performed the star- 
burst subtraction, 50 show power-law-like continuum 
over the whole IRS range with weak silicate emission fea- 
tures, after the subtraction. Twenty four objects show 
silicate absorption at 10 /tm. Seven objects show strong 
silicate emission features with /iq Mm > /is and an 



underlying power-law-like continuum. We find 26 objects 
where the 15-20 /im emission is much more prominent 
than the 10 /im emission. 

The majority of Seyfert galaxies in this sample show 
similar PAH inter-band ratios as in the starburst tem- 
plate spectrum. However, in a few cases like Mrk 477 in 
Figure [5J we find that the PAH 6.2 and 7.7 /im bands 
are over-subtracted. This indicates that PAH inter-band 
ratios in AGN spectra are not always similar to those 
in starburst galaxies. Assuming that the 11.3 /im and 
17 /im bands represent the actual strength of the star- 
burst in these sources, we find a deficit of emission at 
6.2 and 7.7 /im PAH bands in some Seyfert galaxies. On 
the other hand, in sources clearly dominated by starburst 
contribution such as Mrk 938 and NGC 3079, we find an 
excess of emission at 6.2 and 7.7 /im, after PAH bands at 
11.3 and 17 /tm are cleanly subtracted. We note that the 
over-subtraction of PAH 6.2 and 7.7 /im bands occurs in 
Seyfert galaxies with weak short-wavelength mid-IR con- 
tinua. These variations in PAH ratios are interesting, as 
relating the change in PAH inter-band ratios with the de- 
creasing intensity of the interstellar radiation field over 
time, as the starburst fades, will provide crucial con- 
straints on the time required for the active nucleus to 
become recognizable after the starburst episode. 

The starburst subtraction process essentially yields 
the AGN spectrum devoid of any star-forming features. 
These starburst-subtractcd spectra are shown in Fig- 
ure O It is instructive to compare this figure with Fig- 
ure [T] Note the striking similarity of mid-IR active nu- 
clear continua between all Seyfert optical subtypes. Type 
1 spectra are flatter at short wavelengths than type 2 
and type 1.8/1.9 spectra. Emission lines are generally 
weaker in PAH-dominated Seyfert 2s and Seyfert 1.8/1. 9s 
see Figure [J) suggesting weaker active nuclear continua 
Deo et al.ll2007t IMelendez et al.ll2008aD . 

We measure the contribution from the starburst sub- 
tracted AGN spectrum at continuum wavelengths of 5.5, 
8, 10, 14.7, 20, and 30 /im. In Figure [10l we plot the 
luminosity density at 5.5 and 20 /im from the active nu- 
cleus and the starburst component. Starburst contri- 
butions at 10, 1, 0.1, 0.01, and 0.001 times the active 
nucleus contribution are also shown with thin lines. The 
starburst-to-active nuclear continuum ratios are given in 
Table [3] for reference. The galaxies with strong PAH 
bands (almost all Seyfert 1.8/1. 9s and some Seyfert 2s 
with undetected polarized broad lines) indeed have star- 
burst luminosities almost as much as their active nucleus 
contribution, but not larger at this wavelength. The sam- 
ple as a whole is weighted toward significant contribution 
(~ factor of 10) from the active nucleus component at 
5.5 /tm. Figure [TU] (right) also shows similar comparison 
at 20 /im. This figure shows that the AGN contribu- 
tion decreases rapidly at longer wavelengths. Around 
~ 20 /tm, the starburst and the active nuclear contribu- 
tion are similar. This validates our use of a\ (20-30 /tm) 
in Figure [3] to separate objects dominated by starburst 
contribution. 

We construct spectral indices, as previously described 
in Section 3, from these starburst-subtracted spectra. 
In Section 3, we could not use the 8 /tm flux density 
to construct a\ (5.5-8.0 /tm) due to the contribution of 
the 7.7 and 8.6 /tm PAH bands. With the starburst- 
subtracted spectra this is now possible. A compari- 
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son of 0^(5.5-8.0 fim) with a,\(20-30 /im) shows that 
the long-wavelength continua are now flatter after sub- 
traction of the starburst component (see Figure [Til 
top). We find that (a x (5.5-8 fim)) = -0.73 ± 0.07 
and (a>(20-30 /im)) = —2.05 ± 0.10. For comparison, 
the average values for these quantities in Figure [3] are 
-0.66 ± 0.06 and -1.04 ± 0.10, respectively. There is 
clearly a large change in a \ (20-30 /im), confirming our 
conclusion again from last paragraph. The main ef- 
fect of subtracting the starburst template spectrum is 
to shift the PAH-dominated Seyfert 1.8/1. 9s and Seyfert 
2s to the left. Note that there are no Seyferts with 
a\ (20-30 /im) > —0.5 in the bottom right quadrant now, 
which proves our earlier point (see Section 3) about 
PAH contamination at 5.5 /im. Figure [TT] (top) shows 
that there are at least two types of dust distributions 
in the active nuclear region, one that generates the 
short-wavelength continua and other that generates the 
long-wavelength continua. The major difference between 
these two dust distributions is likely to be their mean 
temperatures. By subtracting the starburst and associ- 
ated cool dust contribution, we have essentially removed 
the starburst component that contributes most to the 
variety of Seyfert spectra ([Buchana n et alJ 120061 ). 

A comparison of ot\ (5.5-8 /im) against luminosity den- 
sity at 5.5 /im (Figure [TTJ bottom) shows that Seyfert 
Is have (a* (5.5-8 /im)) = -1.13 ± 0.08, while Seyfert 
2s (type Slh, S1.8, S1.9 and S2) have (a A (5.5-8 /im)} = 
—0.49 ± 0.07. A Kolmogorov-Smirnov test of the two 
distributions gives a probability of 4.42 x 10 -5 of null hy- 
pothesis that the two samples are drawn from the same 
distribution. The value of a A (5.5-8 /im) for Seyfert Is is 
in agreement with est i mates derived fo r type 1 quasars 
([Gallagher et all [20071 : [Haas et al.ll200! . 

6. SUMMARY 

An analysis of archival Spitzer Space Telescope mid- 
IR spectra of Seyfert galaxies is presented. We focus on 
understanding the intrinsic shape of the active nuclear 
continuum in the mid-IR region and how it relates to 
other properties of the source such as the 10 /im silicate 
optical depth. We assumed a template spectrum for the 
starburst component, and subtracted it from the Seyfert 
spectra to separate the active nuclear contribution from 
the circum-nuclear starburst contribution. Our primary 
conclusions from this study are as follows: 

1. Seyfert spectra are classified effectively between 
AGN- and starburst-dominated categories based 
on the spectral indices, a A (5.5-14.7 /im) and 
a\ (20-30 /im) (see Figure [3]). Seyferts domi- 
nated by the AGN contribution have flatter spec- 
tra with a A (5.5-14.7 /im) 1.13. The added 

starburst contribution from the host galaxy in 
the large Spitzer aperture (see Table [JJ makes 
a \ (20.0-30.0 /im) more positive or steeper. A 
key property that distinguishes AGN-dominated 
spectra is that the 20-30 /im continuum is flat- 
ter (a A ~ —2) than the very steep 20-30 /im 
continuum of starburst-dominated objects (a A ~ 
1). The 20-30 /im continuum is likely formed 
from the Rayleigh-Jeans tail of the "warm" dust 
component. It is likely that there are multi- 
ple "warm" components with different tempera- 



tures. Further, Type 2 Seyferts with polarized 
broad emission lines in their optical spectra (type 
Slh) show a A (5.5-14.7 /im) ~ -0.49 much dif- 
ferent than average type 1 Seyferts that show 
cka (5-5-14.7 /im) ~ —1.13. Note the steeper and 
weak short-wavelength continuum in Figure [9l as 
compared to type 1 Seyferts. This is a direct evi- 
dence for presence of the dust torus that blocks our 
view of the hot dust closer in. 

2. After starburst subtraction, Seyfert 1.8/1. 9s and 
Seyfert 2s with strong PAH features in their spectra 
show similar active nuclear continuum as Seyfert 
2s with weak/absent PAH features in their mid- 
IR spectra and polarized broad emission lines in 
their optical spectra (see Figure [5]). This suggests 
presence of similar quantities and/or properties of 
dusty material around the central a ccretion disk in 
these type 2 sources. PTranl (pOOl had proposed 
existence of two types of Seyfert 2s: the HBLR 
and the non-HBLRs. We compared spectral in- 
dices in the 5-8 /im region after starburst subtrac- 
tion and find that both the HBLR and non-HBLR 
show similar spectral indices (Figure 1111 bottom) , 
suggesting similarity rather than differences be- 
tween the two classifications. While, non-HBLRs 
tend to show stronger starburst contribution as 
compared to their AGN contribution, the converse 
(that starburst-dominated systems lack BLR signa- 
tures) is not necessarily true. The additional host 
galaxy contribution likely complicates the identi- 
fication of BLR in these systems. As we show 
in Figure [31 simple continuum indices effectively 
separate AGN-dominated Seyferts from starburst- 
dominated Seyferts in the mid-IR. 

3. iDeo et all (|2007[ ) showed that a large part of the 
silicate absorption in some Seyfert galaxies comes 
from starburst-heated cold dust in the host galaxy 
rather than the dust torus. This conclusion was 
based on the fact that only highly inclined galaxies 
showed large silicate optical depths. Here, we put 
that result on a better statistical basis by present- 
ing a correlation between the b/a and the measured 
optical depth for this sample of 109 sources (see 
Figure[6|). All objects with significant optical depth 
are highly inclined and are also classified as Seyfert 
2s or Se yfert 1.8/1. 9s. This confirms prev i ous re - 
sults bv lKeel (fl98l and lMaiolino fc Riekd (fl995h . 
and highlights the importance of considering the 
host galaxy contribution in concealing AGN. 

4. On average, Seyfert galaxies dominated by the 
AGN continuum tend to show weak silicate ab- 
sorption (rg.7 < 0.4). The short wavelength con- 
tinuum index (a A (5.5-14.7 /im)) and the apparent 
silicate optical depth T9.7 (Figure [J} may to be cor- 
related in AGN-dominated objects. Seyfert opti- 
cal types form a continuous sequence of increas- 
ing optical depth along this correlation from type 
Is, type 1.8/1. 9s, to type 2s with HBLRs. This 
validates the general inclination dependence inher- 
ent in AGN mod els noted before in the mid-IR by 
lHao et all ([2001 . But, as can be noted in Fig- 
ure [H there is not a strict relationship between the 



The Mid-Infrared Continua of Seyfert Galaxies 



7 



strength of silicate features and the optical spectral 
type. 

5. Figure QT] (top) shows that there are at least two 
types of dust distributions in the active nuclear 
region, one that generates the short-wavelength 
continua and another that generates the long- 
wavelength continua. The major difference be- 
tween these two dust distributions is likely to be 
their mean temperatures. By subtracting the star- 
burst and associated cool dust contribution, we 
have essentially removed the starburst component 
that co ntributes most to the variety in Seyfert 
spectra ([Buchanan et al.1 [2006) . In Figure we 
demonstrate the existence of this "warm" compo- 
nent which dominates the long-wavelength contin- 
uum, by separating it from the hot dust component 
in Mrk 766. This simple template subtraction ex- 
ercise provides proof that Seyfert spectra are pri- 
marily thermal in nature and composed of at least 
three thermal components with T ~ 1000, 200, and 
60 K. The reported "break" in the spectrum at 
~ 20 /irri in type 1 Seyfert spectra is a result of 
this warm component being brighter at ~ 20 /jm 
than the Rayleigh- Jeans tail of the hot component. 
The above-mentioned similarity of continua beyond 



~ 15 fj,m in AGN-dominated sources is also due to 
this warm dust component being present in almost 
all observed AGN spectra. 
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TABLE 1 

Observation Summary, Redshifts, Optical Seyfert Types and 
Extraction Apertures. 
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NOTE. — Col. (1): Galaxy name; Col. (2): Redshift, obtained from NASA Bxtragalactic Database (NED); Col. (3): Seyfert type from Vcron-Cetty & Vcron i 2006) — SI: 
Seyfert 1 optical spectrum; Slh: broad polarized Balmcr lines detected; Sli: broad Paschen lines observed in the infrared; Sin: narrow-line Seyfert 1; Sl.O, SI. 2, SI. 5, 
SI. 8, and SI. 9: intermediate Seyfert galaxies (Note: In this paper, we consider Sl.O to SI. 5 to be Seyfert Is in all analysis.); S2: Seyfert 2 spectrum; S3: LINER; S3b: 
LINER with broad Balmcr lines; S3h: LINER with broad polarized Balmcr lines detected; H2: nuclear HII region; Col. (4): Axial ratio, minor-to-major axis ratio of 
host galaxy obtained from NED, for host galaxies where b/a was not available we assumed it to be 1; Col. (5): Spitzer archive Astronomical Observation Request (AOR) 
number; Col. (6): Observing mode for Spitzer/IRS spectrum: S: staring mode, M: mapping mode; Col. (7 and 8): Extraction rectangle for mapping-mode spectra: R.A. 
and Dec. of center-point in degrees; Col. (9): Extraction aperture in arc-seconds. Col. (10): Radial extent in parsccs per arc-second of the extraction aperture for the 
galaxy. 
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TABLE 2 

Continuum Flux Densities and Apparent Optical Depth at 9.7 jim. 



Galaxy Name 




Continuum Flux Density (Jy) 




Optical Depth 




5.5 /im 


10 /im 


14.7 /im 


20 /zm 


30 (im 


9.7 (im 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


3C 226 


3.82E-03 


4.73E-03 


1.57E-02 


2.03E-02 




0.6175 




(4.37E-04) 


(9.31E-04) 


(1.02E-03) 


(1.98E-03) 






3C 234 


5.25E-02 


1.34E-01 


2.21E-01 


2.67E-01 


2.66E-01 


-0.0106 




/ A OP" T7^ f\ O \ 

(4.35E-03) 


(6.46E-03) 


(3.47E-03) 


(3.02E-03) 


(6.53E-03) 




3C 265 


6.66E-03 
(1.50E-03) 


1.06E-02 
(1.19E-03) 


1.61E-02 
(1.08E-03) 






-0.1688 


3C 321 


1.19E-02 


3.28E-02 


1.78E-01 


2.71E-01 


5.15E-01 


0.6349 




(1.42E-03) 


(5.12E-03) 


(1.53E-02) 


(1.37E-02) 


(2.16E-02) 




CGCG381-051 


8.73E-02 


1.24E-01 


1.93E-01 


3.62E-01 


5.51E-01 


-0.1339 




(6.20E-02) 


(1.13E-02) 


(6.00E-03) 


(1.65E-02) 


(8.89E-03) 




ESO 12-G21 


6.02E-02 


1.14E-01 


1.40E-01 


1.64E-01 


2.55E-01 


-0.1241 




(1.45E-02) 


(7.53E-03) 


(5.46E-03) 


(6.74E-03) 


(3.20E-03) 




ESO 33-G2 


8.98E-02 


1.89E-01 


3.11E-01 


3.56E-01 


3.16E-01 


-0.0620 




/ "I O A T? no\ 

( i l.o4hj-uz) 


(1.69E-02) 


(7.48E-03) 


(9.98E-03) 


/ A OCT? no\ 

(4.86E-03J 




FSC 09104 


5.98E-02 


1.35E-01 


2.75E-01 


3.70E-01 


0.2929 




(6.92E-03) 


(1.40E-02) 


(4.12E-03) 


(4.78E-03) 






IC 4329A 


5.53E-01 


9.81E-01 


1.60E+00 


1.91E+00 


1.52E+00 


-0.0520 




(2.30E-02) 


(6.17E-02) 


(3.99E-02) 


(4.48E-02) 


(1.36E-02) 




IC 5063 






2.18E+00 
(3.19E-02) 


3.02E+00 
(3.37E-02) 


3.89E+00 
(6.16E-02) 




IRAS 05189-2524 


2.04E-01 


3.95E-01 


1.16E+00 


2.01E+00 


5.91E+00 


0.3367 




(1.35E-02) 


(3.12E-02) 


(1.91E-02) 


(1.29E-01) 


(1.32E-01) 




T T~% A O T~i /~\-t j ^rr nf-r A r\ 

IRASF 01475-0740 


4.46E-02 


1.61E-01 


2.61E-01 


4.37E-01 


4.81E-01 


-0.1827 






(1.57E-02) 


(1.03E-02) 


(2.00E-02) 


(7.02E-03J 




IRASF 03450+0055 


1.39E-01 


2.65E-01 


3.47E-01 


4.57E-01 


3.87E-01 


-0.1850 






(1.48E-02) 


(5.59E-03) 


(1.54E-02) 


/-] OOT7 no 1 ! 




IRASF 04385-0828 


2.27E-01 


2.38E-01 


8.02E-01 


1.07E+00 


1.46E+00 


0.7856 




(1.45E-02) 


(1.85E-02) 


(2.88E-02) 


(2.24E-02) 


(2.50E-02) 




IRASF 15480-0344 


4.29E-02 


1.53E-01 


2.99E-01 


4.22E-01 


4.92E-01 


-0.0815 




(9.36E-03) 


(2.09E-02) 


(1.86E-02) 


(5.74E-03) 


(8.65E-03) 




MCG+0-29-23 


6.69E-02 


1.01E-01 


2.48E-01 


3.83E-01 


8.54E-01 


0.0629 




(2.04E-02) 


(6.78E-03) 


(6.52E-03) 


(8.24E-03) 


(1.75E-02) 




MCG-03-34-064 


1.75E-01 


5.04E-01 


1.39E+00 


2.05E+00 


2.95E+00 


0.2911 




(2.53E-02) 


(6.26E-02) 


(5.68E-02) 


(1.39E-02) 


(5.14E-02) 




MCG-2-33-34 


2.74E-02 


6.44E-02 


1.12E-01 


1.59E-01 


2.31E-01 


-0.0590 




(6.77E-03) 


(1.87E-02) 


(1.90E-02) 


(3.64E-03) 


(6.59E-03) 




MCG-2-40-4 


2.02E-01 


3.27E-01 


5.45E-01 


6.78E-01 


9.53E-01 


0.1155 




(1.89E-02) 


(1.62E-02) 


(1.93E-02) 


(1.34E-02) 


(1.19E-02) 




MCG-2-8-39 


3.12E-02 


1.21E-01 


2.53E-01 


2.92E-01 


2.22E-01 


-0.0427 




(8.95E-03) 


(1.09E-02) 


(7.18E-03) 


(1.61E-02) 


(3.33E-03) 




MCG-3-34-63 


1.13E-02 


1.61E-02 


2.31E-02 


4.08E-02 


1.01E-01 


-0.0420 




(8.81E-03) 


(5.04E-03) 


(3.59E-03) 


(6.41E-03) 


(3.51E-03) 




MCG-3-58-7 


1.47E-01 


2.78E-01 


4.76E-01 


7.01E-01 


9.38E-01 


-0.0072 




(Q '7C;T7 , Ci i i\ 

[p. (bhj-yjo) 


(1.13E-02) 


(1.21E-02) 


(2.02E-02) 


{L.4i0rj-(j2 ) 




MCG- 5-13-17 


5.27E-02 


1.11E-01 


2.10E-01 


3.19E-01 


4.19E-01 


0.1221 




[1. Lohj-uz) 


(9.16E-03) 


(4.28E-03) 


(4.38E-03) 


(5.80E-03J 




MCG-6-30-15 


1.80E-01 


3.34E-01 


4.80E-01 


6.45E-01 


6.10E-01 


-0.0771 




/ 1 n at? no\ 

( i l.o4h J -Uz) 


(2.20E-02) 


(8.65E-03) 


(1.05E-02) 


(6.27E-03J 




Mrk 1239 


4.57E-01 


7.29E-01 


8.85E-01 


1.03E+00 


9.14E-01 


-0.0910 




(1.60E-02) 


(2.24E-02) 


(2.70E-02) 


(3.31E-02) 


{lA2hj-{j2) 




Mrk 3 


1.02E-01 


2.94E-01 


1.25E+00 


2.07E+00 


2.36E+00 


0.3461 




(1.12E-02) 


(4.24E-02) 


(7.25E-02) 


(2.26E-02) 


(2.27E-02) 




Mrk 334 


4.81E-02 


1.13E-01 


2.52E-01 


5.71E-01 


1.36E+00 


0.2496 




(7.58E-03) 


(7.10E-03) 


(9.27E-03) 


(2.39E-02) 


1 A m T7 1 no\ 

(4.Ulii/-U2J 




Mrk 335 


1.44E-01 


2.03E-01 


2.53E-01 


2.80E-01 


2.62E-01 


-0.1258 






(1.28E-02) 


(9.50E-03) 


(9.27E-03) 


/O OOT7 1 no\ 

(2.y2E-03J 




Mrk 348 


1.25E-01 


1.88E-01 


4.30E-01 


5.67E-01 


4.95E-01 


0.3455 




(1.41E-02) 


(1.69E-02) 


(1.79E-02) 


(1.51E-02) 


/ P" O P" T7^ f \ O \ 

(5.85E-03) 




Mrk 463E 


2.47E-01 


3.30E-01 


8.39E-01 


1.28E+00 


1.54E+00 


0.3582 




(1.42E-02) 


(3.13E-02) 


(2.08E-02) 


(1.53E-02) 


(1.44E-02) 




Mrk 471 


7.44E-03 


1.58E-02 


2.69E-02 


4.31E-02 


9.11E-02 


0.1419 




(1.59^-03) 


(1.15E-03) 


(2.13F-03) 


(3.01E-03) 






MrLr 477 


9 AAF 09 


7.46E-02 


2.31E-01 


4.21E-01 


\J. 10H/-U1 






(3.23E-03) 


(9.39E-03) 


(1.34E-02) 


(5.48E-03) 


(6.51E-03) 




Mrk 609 


1.76E-02 


4.52E-02 


9.80E-02 


1.80E-01 


4.35E-01 


0.3291 




(5.24E-03) 


(2.70E-03) 


(6.13E-03) 


(7.76E-03) 


(9.05E-03) 




Mrk 6 


1.45E-01 


2.08E-01 


3.72E-01 


5.37E-01 


4.98E-01 


-0.0280 




(1.02E-02) 


(1.73E-02) 


(1.72E-02) 


(1.80E-02) 


(8.54E-03) 




Mrk 622 


7.80E-03 


3.78E-02 


1.06E-01 


2.55E-01 


5.51E-01 


0.1071 




(1.54E-03) 


(3.40E-03) 


(6.61E-03) 


(8.40E-03) 


(5.31E-03) 




Mrk 704 


1.91E-01 


3.54E-01 


5.05E-01 


5.22E-01 


4.02E-01 


-0.0163 




(2.05E-02) 


(1.90E-02) 


(9.12E-03) 


(1.85E-02) 


(6.29E-03) 




Mrk 766 


1.49E-01 


3.02E-01 


6.95E-01 


1.02E+00 


1.38E+00 


0.1533 



The Mid- Infrared Continua of Seyfert Galaxies 



TABLE 2 — Continued 



CX'a 1 pi w TV pi m p 

VJCXlOiA V i- ' CI 1 11 




Continuum Flux Density (Jy) 




0"ni"ip?il OpntTi 

KJ [J Li 1 CI 1 l_^/\_-^J Lill 




5.5 ^iin 


10 (im 


14.7 (im 


20 /im 


30 ^/m 


9.7 (im 


(1) 
V 1 ) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 




(1.62E-02) 


/n A 1 T? nn\ 

(2.41rj-u2) 


(2.73-b-02j 


(8.781j-03) 


(2.56E-02) 




Mrk 79 


1.77E-01 


2.98E-01 


4.66E-01 


5.98E-01 


6.91E-01 


-0.0141 




(1.58E-02) 


/ "i a tt? nn\ 


(1.78-b-02j 


/ 1 n ,i tt 1 no\ 

(l.U4hj-U2j 


(9.23E-03) 




Mrk 817 


1.23E-01 


2.91E-01 


4.79E-01 


8.08E-01 


1.13E+00 


-0.0577 




(2.39E-02) 


[Z. 1 ( fcj-UZ ) 


(2.o (hi-OZ ) 


i 'q /i '717 ^o^ 
(_o.4/ rj-U2) 


(1.31E-02) 




Mrk 883 


5.80E-03 


1.67E-02 


4.49ej-02 


-| "i o t~7 n -i 

l.lorL-01 


3.03E-01 


0.1741 




(1.26E-03) 


( Q A 1 T? ^Q^ 
{Z.QLfcj-UO ) 


(_1.02iii-Uo J 


i '717 no^ 
(^7.1 /hi-Uo) 


(7.93E-03) 




Mrk 9 


1.04E-01 


~t n o n -i 

1.92E-01 


2.62E-01 


o a oT7 n -| 


3.91E-01 


0.0281 




(1.92E-02) 


/1 01 t? no\ 
I L.Zlej-VjZ ) 




( i . ( IrLz-Uo _) 


(7.69E-03) 




Mrk 938 


1.15E-01 


9.93E-02 


4.99h;-01 


~i no TT". i no 

1.08E+00 


4.02E+00 


1.0488 




(3.16E-02) 


i 'i rat? no\ 
1 1.0411- IM ) 


/l /I qt? ^o^ 
( ±.4cS£L-Uz ) 


(a a at? no\ 
l^D.44ii/-UZ ) 


(1.36E-01) 




NGC 1056 


6.46E-02 


1.11E-01 


1.54E-01 


o o o t~7 n ~i 


5.45E-01 


-0.0326 




(2.09E-02) 


{ 1 c\it? no\ 
{L. U ( tj-UZ ) 






(1.29E-02) 




NGC 1125 


4.71E-02 


c c cr tt 1 no 


2.72h;-Ul 


4.95E-01 


1.08E+00 


0.9306 




(1.18E-02) 




(1. /yii;-U2 J 


i 1 OQT7 ^o^ 


(2.18E-02) 




NGC 1143/4 


7.79E-02 


8.75E-02 


1.85E-01 






0.4689 


(2.40E-02) 


/ 1 o /< tp no\ 
(l.o4r!j-U2 J 


/ 1 OHT7 1 r\o\ 
{ L.ZUrj-VZ ) 








NGC 1194 


1.52E-01 


1.18E-01 


4.03E-01 


4.10E-01 


4.72E-01 


0.9308 




(1.47E-02) 


/ 1 /i c rr' no\ 
(1.4orj-U2 J 


(o. roHj-uo ) 


/r- o£?T7 no\ 

{ t.obhj-Uo) 


(5.43E-03) 




NGC 1241 


3.15E-02 


4.78E-02 


1.05E-01 


1.58E-01 


2.98E-01 


0.3753 




(1.64E-02) 




/ C 1 'ZTT 1 HQ \ 

(o.l /ti-Uo J 


(O.DDli/-UoJ 


(6.42E-03) 




NGC 1320 


1.44E-01 


3.11E-01 


5.61E-01 


7.84E-01 


9.40E-01 


0.0757 




(1.65E-02) 


f'o 01 t? no\ 
( i Z.zlJ±/-UZ J 




^1.U4±1j-Uz j 


(1.24E-02) 




NGC 1365 


7.29E-01 


1.23E+00 


2.69E+00 


4.89E+00 


1.23E+01 


0.2823 




(1.26E-01) 


(*? A 1 t? no\ 
/ .41H/-U.Z ) 


/ 1 OQT7 ni ^ 
( i.ZcSJi-Ul J 


II. Io-Cj-UI ) 


(3.43E-01) 




NGC 1386 


2.03E-01 


o qat? n -i 

2.89E-01 


O A A TT^ n 1 

8.44E-01 


~i no i nn 

1.03E+00 


1.58E+00 


0.5700 




(1.50E-02) 


(o.41rj-U2) 


(3.92-b-02j 


/ 1 O C TT 1 no\ 

(1.8d1j-02) 


(2.96E-02) 




NGC 1667 


7.56E-02 


1.36E-01 


2.24E-01 


o r\ a tt- n -1 

3.04E-01 


6.67E-01 


0.0048 




(3.61E-02) 


/ "i nTT7 nn\ 

(1.07lj-02) 


(l.lo.b-U2) 


(1.6olj-02j 


(1.94E-02) 




NGC 2273 


1.19E-01 


2.10E-01 


5.54E-01 


8.58E-01 


1.69E+00 


0.3614 




(1.42E-02) 


(1.601j-02) 


(l.lolii-UzJ 


/"i n n tt 1 no\ 

(1.69lj-02j 


(3.03E-02) 




NGC 2622 


8.54E-03 


2.19E-02 


5.41E-02 


o - > n TT". no 

8.32E-02 


1.02E-01 


0.0899 




(8.38E-04) 


/O /I 1 TT 1 no\ 

(_2.41rj-Uo) 


(3.07-b-03j 


/ 1 A 1 TT 1 no\ 

(_1.41rj-Uoj 


(1.18E-03) 




NGC 2639 


5.99E-02 


5.75E-02 


8.29E-02 


1.20E-01 


1.99E-01 


0.2610 




(2.11E-02) 


(1.51r!j-U2) 


{ o on tt 1 no \ 

(8.20-b-03j 


/ 1 o tt? no\ 

(1.871j-02) 


(1.12E-02) 




NGC 2992 


1.89E-01 


3.87E-01 


8.14E-01 


1.03E+00 


1.50E+00 


0.2296 




(2.67E-02) 


(4.50E-02) 


{ c\ o/^TT^ no\ 

(2.86E-02) 


/ -i o "i T7^ n o\ 

(1.21E-02) 


(3.51E-02) 




NGC 3079 


3.33E-01 


2.38E-01 


7.11E-01 


7.11E-01 


3.36E+00 


1.0463 




(7.64E-02) 


/ o n o tt 1 nn\ 

(3.93lj-02j 


(7.85rj-02j 


/o r 7£^T? no\ 

(3.76lj-02j 


(1.45E-01) 




NGC 3081 


5.28E-02 


1.74E-01 


5.11E-01 


7.95E-01 


1.09E+00 


0.0953 




(6.55E-03) 


/o tr tt no\ 

(2.5bii/-U2) 


I o / ■ n tt 1 no \ 

(3.69-b-02j 


/cr oat? no\ 

(5.341j-03) 


(8.37E-03) 




NGC 3227 




7.22E-01 


1.22E+00 


1.76E+00 










f'o OOT7 no \ 
(2.i50llj-U2J 


/o 1 rzT? nn\ 

(3.15lj-02j 


(3.96E-02) 




NGC 3511 


6.37E-02 


8.39E-02 


1.37E-01 


1.72E-01 


3.46E-01 


0.1253 




(2.21E-02) 


/-i /ii^Tp no\ 
(1.4Dr!j-U2 J 


^1.44Hj-Uz ) 


(8.911j-0oj 


(1.43E-02) 




NGC 3516 


1.97E-01 


3.11E-01 


4.80E-01 


6.97E-01 


7.77E-01 


0.0365 




(1.27E-02) 


( O Q '7T7 no'\ 

(2.o i ii/-U2j 


/ 1 /I c tt no\ 
^1.4oHj-Uz J 


/rr QQT7 flQ\ 


(1.28E-02) 




NGC 3660 




3.14E-02 


4.48E-02 


9.01E-02 


1.70E-01 


0.6161 






/T O/ITT 1 no\ 

(7.o4hi-U3) 


l o n o tt 1 no \ 

(3.92-b-03) 


/o OAT7 no\ 
(8.2U£L/-U3) 


(5.21E-03) 




NGC 3786 


2.69E-02 


4.85E-02 


8.95E-02 


1.43E-01 


3.00E-01 


0.1110 




(3.23E-03) 


(4.oUii/-Uo) 


(4.2U±!j-Uo ) 


(a a c;t? ^Q^ 
(4.4oii/-Uoj 


(6.09E-03) 




NGC 3982 


6.43E-02 


1.28E-01 


2.03E-01 


3.37E-01 


6.56E-01 


0.0014 




(2.51E-02) 


^I.OO-Cj-Uz J 


(O.z4iii-Uo J 


I L.Zojcj-KJZ ) 


(1.70E-02) 




NGC 4051 


2.11E-01 


4.61E-01 


7.72E-01 


1.10E+00 


1.24E+00 


0.0769 




(1.60E-02) 


f'Q QQT? no\ 






(1.24E-02) 




NGC 4151 


6.80E-01 


1.56E+00 


3.16E+00 


4.55E+00 


3.64E+00 


-0.0464 




(2.83E-02) 


[LzZtj-ul) 


(7.85-b-02) 


/n no\ 

(9.771j-02) 


(3.89E-02) 




NGC 424 


5.28E-01 


9.06E-01 


1.38E+00 


1.63E+00 


1.28E+00 


-0.0307 




(2.50E-02) 


(a crnTT' ^o^ 
(4.oyri-U2j 


(4.yUil;-Uz ) 


(o.oUii/-U2j 


(1.19E-02) 




NGC 4388 


2.29E-01 


2.90E-01 


1.06E+00 


1.80E+00 


2.80E+00 


0.7792 




(2.46E-02) 


(D.73lj-02j 


In 0017 no \ 

(b.zohj-OZ) 


/ a n ctt\ no\ 

(4.DDii/-U2J 


(4.83E-02) 




NGC 4501 


1.15E-01 


9.98E-02 


1.16E-01 


1.16E-01 


1.38E-01 


0.4831 




(1.56E-02) 


OOT7 ^o^ 

(l.oorj-U2J 




/-i qot? ^o^ 
(l.o2rj-U2j 


(5.66E-03) 




NGC 4507 


2.11E-01 


4 71 F, ni 


O . UOli U J. 


i 9SF-unn 


1.71E+00 


0.0848 




(1.47E-02) 


(4.04E-02) 


(2.41E-02) 


(5.48E-03) 


(3.23E-02) 




NGC 4579 


1.31E-01 


1.62E-01 


1.24E-01 






-0.3803 




(1.46E-02) 


(4.21E-02) 


(1.79E-02) 








NGC 4593 


2.22E-01 


4.25E-01 


5.43E-01 


6.64E-01 


8.13E-01 


-0.0721 




(1.42E-02) 


(1.50E-02) 


(1.30E-02) 


(1.47E-02) 


(1.18E-02) 




NGC 4594 


2.43E-01 


1.36E-01 


8.21E-02 






-0.3486 




(1.74E-02) 


(7.20E-03) 


(8.00E-03) 








NGC 4602 


4.78E-02 


8.32E-02 


1.20E-01 


1.75E-01 


3.65E-01 


-0.0254 




(1.57E-02) 


(1.19E-02) 


(1.05E-02) 


(1.05E-02) 


(1.30E-02) 




NGC 4922 NED01 


1.61E-01 


3.40E-01 


8.56E-01 






0.5302 
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TABLE 2 — Continued 



CX'A 1 pi YV IMpI TT1 P 

VJCXlOiA V i- ' CI 1 11 




Continuum Flux Density (Jy) 




KJ Li 1 CI 1 _L/S_.^J Lill 




5.5 ^iin 


10 fim 


14.7 /»m 


20 /im 


30 ^/m 


9.7 £tm 


(1) 
V 1 ) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 




(3.98E-02) 


i c a r 7T7 c\ < ~)\ 
\oA1ej-\j2) 


(o.oUll/-U2 J 








NGC 4941 






1.62E-01 


2.99E-01 


4.50E-01 










/ 1 1 qtt 1 no\ 
(I.IoHj-Uz J 


[2. IIUj-UZ j 


(1.30E-02) 




NGC 4968 


1.03E-01 


2.49E-01 


6.21E-01 


9.32E-01 


1.02E+00 


0.3205 




(2.13E-02) 


(3.091j-02) 


(2.95.h-U2) 


(2.UUii/-U2j 


(1.77E-02) 




NGC 5005 


1.81E-01 


1.59E-01 


2.25E-01 


2.85E-01 


9.08E-01 


0.6118 




(1.65E-02) 


(3.351j-02) 


(1.2o-h-U2) 


( i 1.42hi-U2) 


(3.66E-02) 




NGC 513 


4.97E-02 


9.63E-02 


1.36E-01 


1.98E-01 


3.30E-01 


0.1337 




(1.68E-02) 


(1.061j-02) 


(7.21k-03) 


/"i nriT7 no\ 

(1.0U1j-02) 


(1.17E-02) 




NGC 5135 


1.51E-01 


2.62E-01 


6.70E-01 


1.31E+00 


3.03E+00 


0.3971 




(3.08E-02) 


(3.161j-02] 


(o.olll/-U2 J 


(O.OZ1L/-UZ j 


(8.45E-02) 




NGC 5256 NED01 


5.85E-02 


7.62E-02 


2.56E-01 


4.95E-01 


1.37E+00 


0.5591 




(1.47E-02) 


(1.d91j-02) 


(2.22.L-U2) 


/O CTOT7 fin 1 ! 

(2.5oii/-U2j 


(2.67E-02) 




NGC 526A 






3.08E-01 


3.87E-01 


2.55E-01 










(l.o5.tLi-U2 ) 




(1.23E-02) 




NGC 5347 


6.19E-02 


2.10E-01 


5.22E-01 


7.86E-01 


7.91E-01 


0.0025 




(8.71E-03) 


(1.921j-02) 


/ -i OOT7 1 no\ 

{ L.Z2rj-(j2 ) 


(1. /5ii/-U2j 


(1.03E-02) 




NGC 5506 


9.33E-01 


6.88E-01 


2.18E+00 


2.86E+00 


4.05E+00 


0.7640 




(2.17E-02) 


(l.ObrJ-01; 


(b.b\-hj-02) 


(5.5911/-U2) 


(6.38E-02) 




NGC 5929 


1.35E-02 


2.08E-02 


2.89E-02 


5.84E-02 


1.13E-01 


0.0243 




(7.60E-03) 


( 1 fiOT? fiQ\ 

( i .DUii/-Uo ) 


(z.DDHj-Uo J 


(0.4D1L/-UO J 


(3.62E-03) 




NGC 5953 


1.20E-01 


1.87E-01 


3.16E-01 


5.14E-01 


1.27E+00 


0.0941 




(3.57E-02) 


( 1 Q 1 t? no\ 
(l.olrj-Uz ) 


(O.ZO-Cj-UZ J 


[ 1.4 ( Hj-UZ ) 


(3.37E-02) 




NGC 6810 


2.02E-01 


4.13E-01 


9.59E-01 


2.13E+00 


3.33E+00 


0.2068 




(4.37E-02) 


[Z.Oohj-UZ ) 


/o qc;t? ^o^ 

(Z.OO-Cj-UZ J 




(7.18E-02) 




NGC 6860 


1.64E-01 


2.48E-01 


3.25E-01 


3.87E-01 


3.36E-01 


-0.0012 




(1.28E-02) 


(o.lzri-Uoj 


{ L.2orj-(j2 ) 


(1. ID-Cj-UZ J 


(4.73E-03) 




NGC 6890 


8.02E-02 


1.49E-01 


2.62E-01 


3.98E-01 


5.79E-01 


-0.0208 




(1.55E-02) 


1 1 i nir no 1 ! 
(l.lUrj-Uzj 


(o.1oi1j-Uo ) 


( i l.Uoii/-U2j 


(9.52E-03) 




NGC 7130 


9.29E-02 


2.05E-01 


5.38E-01 


1.08E+00 


2.47E+00 


0.2710 




(1.67E-02) 


(l.DZhi-UZ) 


(2.2Lhj-02) 


onT7 no\ 

(3.3U1j-02) 


(6.89E-02) 




NGC 7172 






4.20E-01 


3.89E-01 


9.81E-01 










(o.Uoii;-U2 J 


(Z.411L/-UZ j 


(2.94E-02) 




NGC 7213 


1.79E-01 


A ~l A T — 1 -1 

4.14E-01 


4.87E-01 


7.33E-01 


5.77E-01 


-0.2470 




(1.62E-02) 


(z.oU-bj-Uz) 


(l-Oyiii-Uz J 


(Z.UU-Cj-UZ J 


(1.68E-02) 




NGC 7314 






2.23h;-01 


2.711l;-Ul 


4.36E-01 










{ 2. Ll)rj-(j2 ) 


(1.4D1L/-UZ j 


(7.01E-03) 




NGC 7469 


3.31E-01 


7.o7b-01 


l.D5b+00 


o o o T7 i n /~\ 

3.28b+UU 


6.11E+00 


0.1045 




(4.74E-02) 


(_4.oyrj-Uzj 


(4.Dlili-Uz ) 


i 1 n/iTT' ^1^ 
(1.U41!j-U1 J 


(1.67E-01) 




NGC 7496 


4.71E-02 


1.37E-01 


3.77E-01 


8.96E-01 


2.14E+00 


0.1744 




(1.41E-02) 


(1.531j-02) 


(1.85-b-U2j 


( i 2.54hi-U2J 


(5.02E-02) 




NGC 7582 


6.34E-01 


5.79E-01 


1.97b+UU 


3.52-h+OO 


9.33E+00 


0.8284 




(5.33E-02) 


/ *7 Q'7T7 no 1 ! 

(7.2 / ri-Uzj 


(o.y2il;-U2 J 


(I.ZZHj-UI j 


(2.74E-01) 




NGC 7590 


4.44E-02 


6.55E-02 


8.54E-02 


1.20E-01 


2.46E-01 


-0.0658 




(1.32E-02) 


(8.1U1j-03) 


/ O OT7 1 no\ 

(b.82ii;-Uoj 


/ cr OAT7 no\ 

(o.8U1j-03) 


(1.17E-02) 




NGC 7603 


2.39E-01 


3.31E-01 


2.98E-01 


3.06E-01 


3.12E-01 


-0.0630 




(1.25E-02) 


(6.281j-0o) 


(1.41ili-Uz J 


(1. IIUj-UZ j 


(6.83E-03) 




NGC 7674 


1.89E-01 


3.89E-01 


9.24E-01 


1.37E+00 


1.83E+00 


0.2811 




(2.60E-02) 


(o.44rL/-UZ J 


/ Q QVTT 1 riQ\ 

(o.o (^il;-U2 J 


/q qi T7 ^o^ 

{2.oLhj-\J2 ) 


(1.57E-02) 




NGC 788 


3.01E-02 


8.23E-02 


2.16E-01 


3.01E-01 


3.47E-01 


0.1234 




(3.30E-03) 


(l.Uorj-Uzj 


/ V OVTT 1 HQ \ 

( ( .5 rui-uo J 


( 1 Q /I TT HQ 1 ! 

(I.o4hj-Uo) 


(3.59E-03) 




NGC 931 


2.22E-01 


3.99E-01 


6.56E-01 


8.79E-01 


9.29E-01 


0.0166 




(1.81E-02) 


1 Z.U4Hj-UZ ) 


(z.O ( rj-v2 ) 


(1.4U1L/-UZ j 


(9.02E-03) 




SDSS J1039+6430 


6.74E-03 


1.33E-02 


2.72E-02 






-0.0103 




(2.00E-04) 


^1 i 717 nQ\ 
(1.1 / ri-Uo J 


\ ( . t orlj-U4 ) 








SDSS J1641+3858 


3.75E-03 


2.13E-02 








-0.0473 




(1.02E-03) 


{2.2()hj-\Jo) 










TOL1238-364 


1.18E-01 


3.36E-01 


9.20E-01 


1.67E+00 


2.16E+00 


0.2025 




(1.90E-02) 






(1 C SSE-D2 > t 

1 l.UOJJ Ui J 


(3.93E-02) 




UGC 11680 NED01 


3.62E-02 


8.87E-02 


1.33E-01 


1.80E-01 


2.11E-01 


0.0946 




(6.71E-03) 


(1.54E-02) 


(7.37E-03) 


(1.12E-02) 


(6.44E-03) 




UGC 12138 


2.43E-02 


5.56E-02 


1.11E-01 


1.79E-01 


3.03E-01 


0.2383 




(2.07E-03) 


(5.07E-03) 


(5.79E-03) 


(3.68E-03) 


(1.09E-02) 




UGC 7064 


3.06E-02 


8.51E-02 


1.52E-01 


2.31E-01 


3.28E-01 


0.1045 




(1.36E-02) 


(6.15E-03) 


(6.79E-03) 


(1.16E-02) 


(5.85E-03) 




UM 146 


6.76E-03 


1.42E-02 


3.22E-02 


5.29E-02 


9.72E-02 


0.2348 




(8.04E-04) 


(1.05E-03) 


(1.62E-03) 


(3.55E-03) 


(5.13E-04) 




WIR-IRAS 23060+0505 


1.01E-01 


1.58E-01 


3.31E-01 


4.53E-01 


7.51E-01 


0.3170 




(6.50E-03) 


(9.47E-03) 


(4.01E-03) 


(1.27E-02) 


(1.46E-02) 





NOTE. — Col. (1): Galaxy name; Col. (2-6): Continuum flux density as measured on the spectrum at 5.5, 10., 14.7, 20, and 30 ^im in Jansky: Col. (7): Observed 
optical depth (apparent) at 9.7 /J.m; 1 a errors are given in parenthesis. 



The Mid- Infrared Continua of Seyfert Galaxies 
TABLE 3 

Starburst-to-AGN Flux Density Ratios 



Galaxy Name Starburst-to-AGN Flux Density Ratio 



(1) 


5.5 /im 

(2) 


10 (im 

(3) 


14.7 (im 

(4) 


20 fim 

(5) 


30 fim 

(6) 


3C 321 


n no/" 1 o 

0.0263 


n fit c\r\ 

0.0400 


n nnnT 

0.0207 


0.0354 


n n/ 1 /i n 

0.0040 


GGGG 381-051 




0.2681 


0.5661 


n nn o 7 

0.9087 




rLbU 12-G21 


n o r\ o r\ 

0.3020 


0.7335 


13.4681 






T7>0/"V OO Pi 

rLbU 33-G2 


0.0291 


0.0359 


n n o o 
0.0622 


0.1534 


0.9593 


1G 4329A 


n nn a o 

0.0043 


r\ c\r\ o o 

0.0082 


0.0145 


0.0317 


0.1481 


TT5AC nt^i on oc;o/i 
IrtAb 0ol89-2o24 


0.0355 


0.0D40 


0.0610 


0.0925 


0.1097 


tt> A c tt 1 n 1 <tc nv^n 

IKAbr (J1475-U74U 


0.U702 


0.0835 


0.1556 


0.2870 


1.7003 


TT) A CT7 ri/IOOC nooo 

IHAbr 04385-0828 


0.0253 


r\ no o T 

0.0887 


0.0715 


0.1456 


0.4536 


IriAbr Io4o0-0o44 


O.Uo/y 


0.0d9o 


0.1084 


0.2052 


0.9631 


tv r c^c^ i n on oq 
M GG + U- 2 y - Z 6 


1.4460 


11.5036 








MGG-03-34-0o4 


r\ no a r-r 

0.0247 


n nonn 

0.0309 


n nooo 

0.0323 


0.0571 


0.1434 


t\ T/"ly^l O OO O /I 

MGG- 2-33-34 


0.1739 


0.3531 


0.6773 


2.3617 




MGG- 2-40-4 


0.0613 


0.1260 


n 0/107 
U.24z / 


0.6416 


1 /.9313 


MGG-3-34-o3 


rv o r\ o / ■ 

0.3026 


38.4053 








Mtb-o-oo-7 


0.0501 


0.0891 


0.1635 


0.3254 


1.5569 


MOG- 5-13-17 


0.1574 


0.3035 


0.5114 


1.3713 




MGG-o-30-15 


0.0171 


n nno o 

0.0288 


0.0588 


0.1249 


0.6378 


T\ (T...T i oon 

Mrk 1239 


0.0138 


0.0281 


0.0706 


0.1727 


1.1758 


Mrk 3 


0.00d0 


0.0077 


0.0051 


n nnTT 

0.0077 


0.0233 


Mrk oo4 


0.4212 


n CC77 


1.0960 


1.4361 


4.5979 


TV /T_l o do 

Mrk 348 


0.0395 


0.0754 


0.0971 


0.2081 


1.8993 


Mrk 463F 


0.0124 


/ \ noon 

0.0329 


0.0364 


0.0627 


0.1964 


Mrk 471 


0.6422 


1.7036 








IVllK 4 f i 


U.uoyo 


U.Uol ( 


U.U ( Uo 


U. TUD1 


n 07Q1 
U.Z 1 ol 


Mrk u 


0.0170 


0.0411 


0.0ob8 


0.1237 


0.6543 


Mrk oUy 


1.3144 


o o o on 

2.3839 


or 1 noo 
ZO. 102o 






T\T„T r coo 

Mrk o2Z 


0.5186 


n o oc o 

0.3208 


n qooo 
0.3328 


0.3661 


n 7fio7 

0. (08 ( 


Mrk / oo 


0.0574 


0.0914 


0.1203 


0.2250 


0.7952 


Mrk (\) 


0.0211 


n n /I on 

0.0429 


n nonn 
0.0809 


0.1754 


0.7295 


Mrk ol / 


0.0417 


0.0625 


0.1186 


0.1911 


0.6321 


TV O OO 

Mrk 883 


0.5226 


0.8595 


0.7567 


0.6741 


1.1640 


TV /T—1 n 

Mrk 9 


0.0d27 


0.0951 


n o /i nn 

0.2400 


0.6527 




Mrk yo8 


0.7001 








11.4720 


INGG 1125 


r\ o r\ c r\ 

0.3060 


1.8193 


0.6179 


1.1437 


/I O /I oo 

4.2422 


JNGG 1143/4 


0.6227 










iNGG 1241 


0.2527 


1.2900 


3.9115 






7\,t/~i /~i -i oon 

JNGG 1320 


0.0dd7 


0.0964 


0.1615 


0.3454 


2.5940 


1NGG 13o5 


0.8418 


3.5882 


zZo0.94 / D 






INGG 1380 


0.0528 


0.1621 


0.1460 


0.3804 


1.4503 


TV T t~ 1 /"I OOTO 


0.2300 


0.4914 


0.5444 


1.4474 


O O CI A A 

88.D744 


JNGG 2o22 


0.1445 


n oo a o 

0.2242 


n o /• o o 

0.2b28 


0.5276 


1 O O TO O 

13.8732 


o£;on 
INGG 2o39 


0.3437 


31.3315 








IN GO 2992 


0.2337 


0.4174 


0.6511 


3.4637 




AT/~1<^~I OA7A 

NGG 3079 


4.6747 










tvt/~i/^i onoi 

IN GO 3081 


0.0442 


0.0485 


r\ n i on 

0.0480 


0.0785 


0.2137 


AT /"~1 /"I 0007 

IN GO 3227 






0.4713 


0.9641 




AT/— 1 /"I OC11 

JNGG 3511 


2.6708 




' ' ' 


' ' ' 




IN GO 35 lb 


0.0170 


n noon 
0.0389 


0.0758 


0.1423 


0.5974 


JNGG 3oo0 




1.1048 








NGG 3786 


0.2673 


0.6172 


1.4630 


11.1716 




JNGG 3982 


2.6710 


9.3812 


' " ' 






INGG 4U51 


0.0/02 


0.1056 


0.1872 


0.4395 


7.1327 


AT /~1 S~\ A -i r 1 

INGG 4151 


0.0129 


0.0186 


0.0263 


0.0497 


0.2452 


AT A^i A 

INGG 424 


0.0102 


n nonn 

0.0200 


n nonn 

0.0390 


0.0885 


0.5310 


AT t~* r~- /inoo 

INGG 4388 


0.1237 


0.5162 


n on/^n 

0.3060 


0.5262 


2.9754 


at /~i /i cm 

INGG 4501 


0.1361 


1.2925 








INGG 4507 


0.0242 


n noTO 

0.0372 


0.0588 


0.1080 


n oooo 

0.3233 


NGC 4579 


0.0539 


0.1936 








NGC 4593 


0.0346 


n n c o n 

0.0630 


0.1552 


n ooo7 

0.3887 


3.2523 


NGC 4594 


0.0094 


n n nn 

0.0609 








NGC 4602 


r\ o o 7n 

0.8372 


O O O Z" 1 o 

2.8868 








NGG 4922 NFD01 


0.1114 


0.2474 








NGC 4941 






0.8976 


1.4715 




NGC 4968 


0.1301 


0.1651 


0.1894 


0.3638 


4.7134 


NGC 5005 


0.1619 


2.3674 








NGC 513 


0.9011 


1.1506 








NGC 5135 


0.7242 


3.4740 


8.6441 






NGC 5256 NED01 


1.1450 


65.3742 


8.9031 






NGC 5347 


0.0552 


0.0598 


0.0665 


0.1229 


0.5838 


NGC 5506 


0.0250 


0.1339 


0.1109 


0.2495 


0.9290 


NGC 5929 


0.5391 










NGC 5953 


4.1648 










NGC 6810 


1.0366 


1.9786 


4.2739 


17.9650 
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TABLE 3 — Continued 



Galaxy Name Starburst-to-AGN Flux Density Ratio 

5.5 fim 10 (im 14.7 (im 20 fim 30 fim 

(1) (2) (3) (4) (5) (6) 



NGC 6860 





0602 





1206 





3297 


1.0168 






NGC 6890 





2445 





4524 





9600 


5.6312 






NGC 7130 


1 


0761 


2 


3340 


2 


4662 


10.1020 






NGC 7213 


o 


0530 


o 


0914 





2545 


0.5246 






NGC 7314 













4652 


1.9107 






NGC 7469 





3845 


o 


5837 





9244 


1.6895 






NGC 7496 


1 


3900 


1 


0345 





9555 


1.2744 


3 


7034 


NGC 7582 





3118 


9 


1000 


2 


2330 


536.9538 






NGC 7590 





6934 
















NGC 7603 





0458 





1133 





4841 


3.8650 






NGC 7674 





1407 





2002 





2614 


0.5388 


7 


2992 


NGC 788 





0274 





0361 





0380 


0.0728 





2437 


NGC 931 





0326 





0600 





1093 


0.2347 


1 


4468 


SDSS J1039+6430 





0114 





0188 





0268 








TOL 1238-364 





3450 





3095 





3202 


0.5216 


8 


6584 


UGC 11680 NED01 





1504 





1820 





4536 


1.4949 






UGC 12138 





1290 





2047 





3179 


0.6320 


3 


1993 


UGC 7064 





6323 





4803 


1 


2807 


276.5345 






UM 146 





0639 





1100 
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NOTE. — Col. (1): Galaxy name; Col. (2-6): Starburst-to-AGN flux density ratio measured at 5.5, 10, 14.7, 20, and 30 fim; a missing ratio implies either the spectrum 
was incomplete at that wavelength or the AGN contribution was negative after star burst subtraction. A very large ratio indicates very weak AGN contribution, these 
typically occur at or beyond 14.7 fJ.m in a few galaxies. See Figure 1 10| for a visual representation of these ratios, and Tablc^for aperture size in parsecs. Even in nearby 
AGN Spitzer spectra sample regions of size ~ 1 kpc. Sec Section 5 for discussion of the starburst subtraction process and results. 
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Fig. 1. — Mid-infrared spectra of the entire sample normalized at 14.7 (im. Top left: Seyfert Is; top right: Seyfert 2s with evidence of 
broad optical emission lines in polarized light; bottom left: Seyfert 1.8/1. 9s spectra dominated by PAH features; bottom right: Seyfert 2 
spectra dominated by PAH features. The short-wavelength continuum of PAH-weak type 2 Seyferts (top right) is on average weaker and 
steeper than type 1 Seyferts (top left). Seyfert 1.8/1. 9s and PAH-strong type 2 Seyferts (bottom right) show very similar spectra. 
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Fig. 2. — Subtraction of Mrk 335 (typo 1) spectrum from the spectrum of Mrk 766 (type 1, starburst-subtracted, see Section 5). The 
residual spectrum is very similar to the Mrk 3 (type 2) spectrum and shows the prominent 15-20 fim bump. The spectra are displayed in 
the same order at 10 fim as is indicated in the legend. 
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Fig. 3. — Mid-IR continua of Seyfert Galaxies: Seyfert 2s with hidden broad-line regions (Slh) are represented as filled diamond symbols, 
Seyfert Is (including 1.2s and 1.5s) are filled circles, Seyfert 1.8/1. 9s are open triangles, and Seyfert 2s with undetected polarized broad 
emission lines are open squares. Liners are represented with cross symbols. As ct\ (20-30 fira) increases, spectra contain more starburst 
contribution; as ct\ (5.5-14.7 fim) varies from 0.5 to -2.0, spectra are more dominated by the hot dust component due to the active nucleus. 
The arrows indicate how the spectral shape changes from type 2 to type 1 Seyferts (see also Figure [jjl; and along this sequence, addition 
of a cold starburst component of increasing strength moves the source position to the right in the figure. The dotted lines show rough 
division between different Seyfert types. See Section 4 for further discussion. 
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Fig. 4. — There is a weak correlation between apparent optical depth (T9.7) and a\(5.5— 14.7 /im) providing general support for inclination 
dependence in AGN models. Some sources show large apparent silicate optical depth (75.7 ~ 1): these have highly inclined host galaxy 
disks (see Table [TJ. For sources with T9.7 > 0.4 silicate absorption is primarily due to cold dust in the host galaxy. 
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Fig. 5. — There is no correlation between the equivalent width of the 11.3 fim PAH band and the measured apparent optical depth at 
9.7 /^m, suggesting that the presence of strong PAH bands does not bias our continuum placement in the short wavelength region of the 
mid-IR spectra, where defining the continuum is highly subjective due to the presence of blended PAH emission bands, and silicate and ice 
absorption features. 
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Fig. 6. — Correlation between the optical depth of 9.7 /im silicate feature and the ratio of minor-to-major axis (b/a) of the host galaxy. 
The b/a values are taken from the NASA/IPAC Extragalactic Database. Objects for which b/a could not be estimated are assumed to 
have b/a = 1. 
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FlG. 7. — Effect of host galaxy dust on mid-IR, spectra of AGN — central plot shows the variation of ot\ (5.5—14.7 fim) with T9.7 ^ m ; left 
panels: spectra of AGN-dominated galaxies; middle panels: increasing cold dust and PAH contribution attributed to star formation in the 
host galaxy; right panels: Inclined host galaxies without strong PAH features (NGC 1194) or with strong PAH features (Mrk 938 and NGC 
3079). Essentially, in all systems with T9.7 Mm > 0.4 the apparent optical depth at 9.7 fim is likely due to cold dust in the host galaxy. In 
the panels, from left to right, star formation contribution increases. 
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Fig. 8. — Seyfert spectra after subtraction of starburst components: the dotted line s hows the observed spectrum and the solid line shows 
the subtraction of an average starburst template from this spectrum. See Figure 1 in Deo ct al. (2007) for identification of emission lines 
and PAH bands in mid-IR spectra. Note the clearly visible silicate features, the power-law-like shape of the 5-8 fj.m continuum and the 
15—20 fim bump. In most cases, the 7.65 fim [Ne VI] lines are also cleanly separated. 
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Fig. 9. — Mid-infrared spectra from Figure [T] after subtraction of a scaled starburst template spectrum. The spectra are normalized at 
14.7 /an. Top left: Seyfert Is; top right: Seyfert 2s with evidence of broad optical emission lines in polarized light; bottom left: Seyfert 
1.8/1. 9s; bottom right: Seyfert 2s with undetected polarized broad emission lines. Compare this figure with Figure [T] On average, after 
starburst subtraction, PAH-dominated Seyfert 1.8/1. 9s and Seyfert 2s show similar continuum shapes as type 2 Seyferts with HBLR (top 
right panel). There is a striking similarity in the active nuclear continuum of all Seyfert types beyond ~15 /im. 
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Fig. 10. — Luminosity density at 5.5 /im (left) and 20 /an (right) from the starburst and the active nuclear components. Our sample 
shows a strong contribution from the active nuclear component, and galaxies with large starburst contributions are preferentially Seyfert 
1.8/1. 9s and some Seyfert 2s with unidentified broad polarized emission lines. The thick red line shows a linear regression fit (bisector 
method) to data points. The diagonal lines show starburst-to-AGN contribution ratio. Symbols for Seyfert types are same as in Figure |31 
At longer wavelengths, the average starburst fraction increases and is roughly the same as the AGN contribution at ~ 20 (im. 
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Fig. 11. — Top: Comparison between (5.5-8.0 jim) and ct\(20— 30 fim) after subtraction of starburst component. ct\ (20-30 /im) values 
are more negative than in Figure \3\ (dashed lines), indicating flatter continua than those at short wavelength. Bottom: wavelength spectral 
index between 5.5 and 8 fim after starburst subtraction compared to the luminosity density of the AGN component at 5.5 £im. The dashed 
line shows the average spectral index for Seyfert 1 galaxies, and the dot-dashed line shows the average spectral index for Seyfert 2 (including 
Slh) and Seyfert 1.8/1.9 galaxies. Symbols for Seyfert types are same as in Figure [3] 



